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INTRODUCTION 


"Mica" is a group name for a number of orthosilicates of aluminum with 
magnesium, Ferrous ira, and the alkalies. They are characterized by their 
high reflection and a basal cleavage so well developed that they can be split 
into exceedingly thin laminue, which are more or less tough, elastic, and 
transparent, according to variety. Barium, manganese, lithium, chraniwm, 
titanium, boro, and ferric iron occur in sane varieties, Eight distinct 
spocles of true mica, which appear in the following table, are recognized by 
nineralogists, but only the first five are of canmercial importance . 


Species General Formula 
MuS COVL TO ccccccccccecscvcccere HOKAL (S104) 


Phlogopitesceccccccscscssccccece [H,K, (Mer) | MgzAL (S10,)5 | 
BLOtL te recescccccscccvcccveves (H,K)o(Mg,Fe)o(Al,Fe)o (S104) 3 3 
Lepidclitescccoscceccscccceoes K,Li AL(OH,F)> Al (S103), 

ROS COGLItCs ceccccccccsccescves Hok (Mg, Fe) (Al,¥)), (S10,)15 
ParagMitescecovecccccecsesccece HoNaAls(S10;,)5 | . 
Ginnwalditecccesccceccscscsess saga a $150, ¢6(0H,F)5 


LepidanelanGeceececscecccecere HK oF 1 Beg Als (S104) 
These fomulas are of a general nature, as all species of mica vary 
cmsiderably in canpositian, giving rise to numerous varieties. ‘The formulas 
show, however, the approximate canposition of the typical species and indicate 
way, In acoordance with the praminence of the elements, muscovite is cammly 
called potash mica; biotite, ira) mica; lepidolite, lithium mica; and paraganite, 
Sodium mica. The micas crystallize in the monoclinic system but are pseudo- 
hexogmal in habit, and distinot terminated crystals are rare. All species of 
nica are optically biaxial with varying axial angle, cammaly show the same 
foms, and frequently initercrystallize in parallel positim. Thin sheets of 
*Mbcovite omtaining areas of biotite, or vice versa, are oaumon; muscovite — 
and lepidolite may orystallize in this same pattem. | = 


In ancient times mica was used for decoration, and in modern times, before 
the use of electricity, it was used chiefly for glazing in stove windows, doors, 
and in lanterns. Large quantities also were utilized in lamp chimneys and 
lnpshades . Only clear sheets with perfect cleavage were suiteble. With the 
advent and rapid growth of the eleotrical indus try, the major use of sheet 
nica shifted to this industry. Scrap mica obtained fran mine dumps, sheet 
ulca-process ing shops, and deposits containing only small or foliated crystals 
‘eve a8 raw material for mica grinders. Ground mica is used in roofing 
petal, wallpaper, paints, lubricants, as a filler in rubber products, and 

many decorative purposes. 
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Of the five cammercial micas, muscovite, phlogopite, and biotite are used 
solely because of their physical properties. Muscovite or potash mica is the 
most important mica of commerce and is the only one mined extensively in the 
United States. | | 


The domestic licen tidus tey began in 184 with the opeming of the Ruggles 
mine in Grafton County, New Hampshire. Soon afterward other deposits were 
opened in this regia; New Hampshire became the leading producer wntil shortly 
after the Civil War, when large-scale production began in North Carolina, and 
mining in New Hampshire declined. North Carolina is now the leading producer. 
Until recently, substantial quantities also have been obtained fran New 
Hampshire, and mica has also been produced intermittently in Virginia, South 
Dakota, New Mexico, eoOheres aon Idaho, and Maine. 


The abnormal demands for mica’ during World War II brought many changes 
in the domestic industry. New records.for annual production of sheet, punch, 
and scrap were set, Improvements in, the technology of mining and milling 
brought advancenents, particularly. in prospecting for deposits and in trimming 
of the finished product. Because of the more -canplete trimming the quantity 
of finished product per pound, of mica mined decreased, but the monetary return 
increased. However, in genergi the increase in value "hes not been enough to 
permit profitable canpeti tion: with imported material. 


New uses for ground mica were developed during the war, and although sane 
of than were confined to wartime demands, most of thém have a place in peace- 
time ecmany. Substitutes for sheet mica also were developed during this 
period, sane of which are continuing in use as alternate materials. Mica, 
however, is still an essential campaent in the cammnication and electrical- 
- insulation industries, but the number of -pkaces in which it is essential in 
these indus tries: has been reduced permanently. 


MINERALOGY 
Mus covi te 


Mus covite usually occurs as tabular crystals, hexagonal or rhanbic in 
Outline, with prismatic faces more or less rough and striated horizontally. 
These crystals range in size fran 5 to 6 feet in diameter, weighing 1 to 2 
tans, to less than 1/16 inch across, aggregated in stellate, feathory, or | 
globular forms, or they may be crypto-crystalline. Muscovite has an eminent 
basal cleavage as well as secondary cleavage, botter described as parting ~_ 
oe which cut the crystals at angles of 60° to 70° with the basic cleavage. 


The parting planes may extend entirely through @ crystal or only part af’ 
the way, cither acroeés the cleavage face or through the thickness of the crys ta. 


Thin leminae of muscovite are transparent, flexible, elastic, and 
usually colorless. Sheets 1/8 inch or more in thickness, however, usually show 
a distinct color - same shade of gray, brown, red, yellow, or green. The color, 
Owing to variations in the chemical canposition, olassifics the mica as “ruby," 
"rum," “green,” “smoked” etc. Zonal coloration with a definite relation to 
crystal structure is found occasionally. Muscovite ranges in hardness fran 
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2 to 2.5, has a specific gravity of 2.76 to 5, a colorless streak, and 

camonly a vitreous luster. ‘The index of refraction renges fran 1.56 to 1.59. 
It is optically negative and normally has an axial angle of 50° to 70°. 

Usually it is feebly pleochroic and hes a rather strong double refractim,. It 
is insoluble in acids and may be heated to 400°9C, without chango; at this 
tanperature, however, it begins to give up minute quantities of its water of 
crystallization, and at 700° C. normal muscovite loses about 1/10 percent of it 
weight. As dehydratiqn progresses, the mica swells, loses its transparency, 
and becanes brittle. 


Sericite is a cama modified form of muscovite. It is defined as a 
nore or less altered variety of muscovite, or the name is sanetimes applied to 
unaltered muscovite in aggregates of fine scales with a silky luster but with- 
out cleavage. it is also an alternation product of feldspar, kyanite, and 
many other aluminum silicates. . * 


Phlogopite 


Phlogopite occurs in monoclinic crystals, which usually are irregular and 
tapering six-sided prisms that range in size fran 4 feet in diameter to minute 
particles. Phlogopite also has perfect basal cleavage. Thin laminae are 
transparent to translucent and are also flexible and elastic. They ofta@m 
exhibit asterism in transmitted light owing to rcgularly arranged inclusions. 
Sheets 1/8 inch or more in thickness show sane shade of yellow, brown, green, 
or almost black, Phlogopite has a pearly to submetallic luster on cleavage 
surfaces, with a coppery reflection. 


The color of phlogopite often indicates its hardness, which ranges fran — 
ee) to 3, the darker kinds being harder than the light-colored ones. Its index 
of refractio ranges fran 1.56 to 1.61, and it has a specific gravity of 2.74 
to 2.95. Unlike muscovite, however, it decanposes in concentrated sulfuric 
acid, leaving thin, porous scales of silicu. Phlogopite also has a greater 
resistance to heat than muscovite, being unaffected up to 800° C., although the 
power factor of sané phlogopites is increased by this temperature ( 8) 2/ 


Biotite 


Biotite occurs in enbedded crystals, in disseminated scales, and in 
lemellar masses. Orystals aro pseudo-hexagonal, like those of muscovite. Thin 
leminae are transluscent, and sheets 1/8 inch or more in thickness are dark 
brown or black, Thin sheets ure less flexible and elastic than muscovite or 
phlogopite. 


The hardness of biotite renges fram 2.5 to 3, the index of refraction fran 
1.54 to 1.63, and specific gravity fran 2.75 to 2.95. Iike phlogopite, it 
decaqnposes in concentrated sulfuric acid. Its high iron content reduces its 
di-electric strmegth. Biotite has a distinct cleavage parallel to the base, 
but this clevage docs not always carry across the width of the crystal. Split- 
ting qualities are therefore poor in canparison with mscovite and phlogopite. 


2} Numbers in parentheses refor to iteus in the bibliography at the end of this 


paper. 
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OCCURRENCE 


Mica is of cammon occurrence in igneous, sedimentary, and metamorphic 
rocks. Muscovite and biotite are the most ccmmon of the micas, occurring 
abundantly usually as small scales in many granites, gneisses, schists, and 
other related rocks. Same rocks, however, are canposed almost entirely of 
mica, Large crystals of muscovite and biotite are found in pegmatites, and 
large crystals of phlogopite are found in serpentinized limestones, dolanites , 
and pyroxenic rocks. ; 


A few schists exceptionally rich in muscovite are milled for their mica 
content, and a considerable quantity of fine muscovite is recovered es a by- 
product fran kaolin deposits, Muscovite sheet, however, is the mast important 
mica of camerce, and all marketable deposits of this material are found in 
pegnmatites. Therefore, the occurrence and camposition of this type of rock 
will be summarized briefly. 


PEGMATITES 


The word “pegnatite” was coined by R. J. Hauy, a French mineralogist and 
physicist, in the early years of the 19th century as a descriptive term applied 
to rocks with a graphic texture, Gradually, the use of the term was extended 
to include all types of exceptiqmally coarse igneous rocks, whether graphic 
or not (11). . | | 


Pegnatites recently have been defined as “rocks with coarsely and wnevenly 
crystallized and segregated minerals occurring as dikes, veins, or metamorphic 
masses formed from the igneous solutions of a freezing magma or fram the 
canbination of the solutions with previously existing minerals (7)." 


They range in size from dlkes and veins 1 mile or more long and up to 

300 feet wide to thin stringers an inch across and a few inches long, or 

they may be lenses, oval masses, or pipes as much as several hundred feet 
across. The principal minerals in these bodies are the plagiocluse feldspars 
sesso and albite), microcline (a potash feldspar), quartz, and the micas 
muscovite and biotite). However, many other minerals may be present. Forty- 
four differmt minerals have bee found in the pvgmatites of the Spruce Pine 
district of North Carolina, The relative proportions of tho principal minerals 
vary not only in adjacent pepmatites but also in different parts of the same 


body. 
COMMERCIAL DEPOSITS 
The comercial value of muscovite, phlogopite, and biotite mica depends 
primarily on a canbination of physical properties (perfect cleavage, heat and 


electrical resistance, flexibility, and elasticity) rather than chanical 
canposition. Thus, analyses of these micas are not included. 
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Musco vite 


Muscovite mica is distributed sporadically in pegnatites, and commercially 
valuable denosits are localized in shoots or pockets in granitic pegnatites 
in which the predominant feldspar is plagioclase, or in sections of pegnatites 
that consist mainly of quartz and plagioclase feldspar. ‘The amount of re- 
coverable mica ranges from 2 to 10 percent of the rock mined, averaging about 
4 percent. The color of mica in any one shoot is fairly uniform, but if two or 
more shoots occur in the same pegmatite, the color in one may differ from that 
of the other. A rigid geologio classification of mica deposits is elmost 
impossible, as each shoot or pocket difiers in detail from most others. A 
Study of the geologic reports on the mica mines and arees in the United States, 
Brazil, Canada, Africa, and India shows, however, that certain generalizations 
may be made based on the modo of distribution of the mica in the pegmatite. 
Perhaps the best description of this distribution is contained in a recent 
report by E. N. Cameron, D. M. Larrabec, and others, of the U. S. Geolgical 
Survey (5). This report describes only the mica mines in the New Rngland States, 
but it is believed that the types mentioned are applicable to mica mines 
throughout the wrld. Five major types are recognized. They are wall-zone, | 
core-margin, pocket, vein, and disseminated. In general, the types are distinct, 
but gradations occur, and thus two classifications of complex deposits and 
special types are added. | 


Wall-zone deposits are those in which the books of muscovite are cm- 
cantrated in a layer of the pegmatite near the wall or contact of the mass with 
the surrounding country rock. Hanging-wall deposits are the most numerous, but 
sane footwall deposits have boen found. In a few cuses both footwall and 
hanging wall deposits are found in the same pegmatite. The essential minerals 
of these deposits are quartz, plagioclase feldspars (albite or oligoclase), 
and mus covite. | , 


Core-margin deposits occur. in narrow zones in or close to massive bodies 
of quartz, or quartz and feldspar, that caumonly occur near the center of the 
Pegnatite. The mica shoots or mica~bearing zones are canposed essentially of 
quartz, plagioclase, and muscovite and usually occur m both sides of’ the core, 


Pocket deposits are common in lerge pegmatites. The books of mica are 
restricted primarily to masses of coarse-textured quartz, perthite (quartz and 
microcline feldspar), or olevelandite and quartz. ‘The pockets, for the most 
part, are small, and the over-all quantity of sheet mica in this type of 
deposit therefore is usually quite restricted, 


Vein deposits. ~ These consist of thin, tabular bodies ranging in width 
fron 6 inches to 10 fect and fran 15 to about 200 feet, long, camposed primarily 
of quartz, perthite, plagioclase, and muscovite, with minor quantities of 
tommaline, garnet, and other accessory minerals. ‘This type of deposit is 
SQnetimes found in pegmatites that contain pocket deposits. Records of 
camercial production fran vein deposits are few, because they rarely sustain 
economic mining, 
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Disseminated deposits are thase in which mica books are scattered, without 
any apparent orientation, throughout the width of the pegmatite. Occassimally, 
however, slight orlentatim or seyregations of the mica may be discernable 
along the walls or near the core. The deposits are formed primarily of 
mixtures of coarse-grained quartz, plagioclase, and potash feldspar, and 
mus covite mica; the minor constituents are usually garmet, beryl, tourmaline, 
and Other typical pegmatite minerals. 


Complex deposits. - These deposits occur when two or more of the fore- 
going types of deposits are found in the same pegmatite. They cannot be 
classed as an independent type and must be considered in terms of their can- 
ponent parts. 


Special types. - In this classification are the sheet-muscovite deposits 
that do not belong to the types described above. They include deposits found 
in schistose wall rocks of pegmatites in which the mica books have been formed 
largely by enrichment of. the wall rocks by pegmatite solutims. Included also 
are deposits in which lathlike intergrowths of muscovite and biotite transect 
graphic granite, and deposits that are associated very closely with potash — 
feldspar. 


Phliogopi te 


Phlogopite mica is not produced commercially in the United States, 
although small deposits are known to exist in various localities, notably in 
St. Lawrence County, New York, and Morris and Warren Counties, New Jersey. 


Biotite 


Biotite-mica mining is cmfined to two North Carolina deposits, me at 
Henging Rock and the other at Tampa Mountain northeast of Spruce Pine. They 
consist of layers of biotite schist in pegmatite. The biotite schist is 
believed to have been formed by the alteration of a hornblende geiss by 
hydrothermal solutions derived fran the alaskite magma which underlies the 


region (17). 
GEOGRAPHICAL DISTRIBUTION OF DEPOSITS 


This discussion of danestic mica resources is confined almost entirely to 
known muscovite deposits or muscovite-bearing pegmatities. The principal areas 
in the United States that contain such deposits are shown in figure 1. 


The largest district extends fron central Virginia through the westerm 
Carolinas , northern Georgia, and east-central Alabama, This is by far the 
largest area and probably contains the largest reserves of camercial mica. 
Second in importance is a relatively small regia in southwestern New Hampshire 
The large production fran this canparatively small regi is due to the higher 
percentage of marketable sheét mica obtained per mine and the ease with which 
the pegmatities can be exploited, as they are not covered with as much residual 
soil as those in the southeastern region. 


Google 
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Next in importance are the pegnatites in the Custer and keystone regions 
of the Black Hills, South lekota. The advantages of this district are the | 
comparatively close spacing of the pegmatites. in a small area and the abundance 
of associated minerals such as spodumene, amblygonite, lepidolite and 
coluabite, occurring in commercial quantities. An area in northern New Mexico 
has been developed to some extent, but, because most of the sheet muscovite 
is distorted or ruled, which makes it marxetable only as scrap, it is 
izprobable that New Mexico will becorc on important producer of sheet mica. 


A small district in northwestern Idaho has been a sporadic producer ot 
sheet muscovite of good quality. During World War II production fram this 
region reached considerable proportions and Idaho became the sixth largest 
mica producing State in 1944, ‘The peacetimg operation of mica mines in this. 
region, however, is seriously handicapped because of tho long distance fran 
markets » | ae 


Small areas in southwestern Maine, central Connecticut, and Massachusetts 
contain deposits of camiercial grade. The pegnatites that skirt the eastern 
slope of the Front Range of the Rockies from Wyaning southward through the 
caitral part of Colorado yield small quantities of sheet mica, but the bulk 
of the mica fram this area is of scrap quality. Some mica has been mined in 
Maryland, Pennsylvania, Texes, Nevada, and California; none of these States, 
however, has been an important producer, 


DESCRIPTION OF DEPOSITS, BY STATES 
Alabama 


The mica deposits in Alabama are confined to the east-central part of the 
State. The best deposits are in Randolph, Clay, and Tallapoosa Counties, and 
smaller dcpasits have been worked in Lee and Coosa Counties. The mica-bearing 
rocks in this State form the southern end of the great southeastern mica belt 
that extends northeast to central Virginia. The pegmatites and the enclosing 
schists and gneisses are deeply weathered. Most of the sheet mica in Alabama 
is "A mica," the recoverable sheet caning from the center of the A. 


Colorado 


Although there are numerous mice-bearing pegmatites in Colorado, the 
quantity of sheet mica recovered has been small. This is due chiefly to earth 
hovanent after the formation of the mica that distorted the sheets, and also 
to an imperfect cleavage that does not continue across the entire crystal, 
thus preventing the recovery of sheot mica of commercial quality. The bulk of 
the mica in this State, therefore, is sujtable mly for grinding. 


| Connecticut | 
In this State, mica has been produced in Middlesex, Hartford, New Haven, 
Fairfield, and Litchiield Counties. Most of it has originated in the first two 


comties named. Although production is comfined to a relatively small area, 
this State was among the five leading producers fran 1955 to 1945. 
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Georgia 


Mica~bearing pegmatites are found in about 20 counties in this State, 
most of which are in the Piedmont Plateau, although same of them are in the 
northeast corner of the State in the Blue~-Ridge Province. Productiaqn has 
cane chiefly fran Cherokee, Hall, Hart, Monroe, Lemar, Pickens, Upsa, and 
Rabun Counties. As in North Carolina, the deposits are associated chiefly 
with the Carolina and Roan gneisses. The rocks in the mica~bearing areas have 
been deeply weathered, and dewatering became a serious problem in many of the 
mines, The outcrops of many of the pegmatites are marked by kaolin-cmtaining 
quartz boulders and clay-stained mica books. Georgia mica is of good grade, 
but, because of the surface clay staining, deep weathering of the rocks, and 
the proximity to the surface of the underground water level, which brings 
water into many of the mines and prospects, little development or mica mining 
was done in this State prior to World War II. However, in 1944 Georgia 
pecane the fourth largest cee of sheet mica in the United States. 


“Idaho 


Mica~bearing pegmatites have been found in several Idaho counties, but 
camercial production of mica has been reported only fran those in Latah 
County. The deposits in that county that lie near Avm, about 25 miles 
northeast of Moscow, occur in pegnmatites that have intruded pre-Cambrian schists 
and gneisses. Producti was first reported in 1888 fram the Muscovite and 
Maybe mines. Operations were continuous: until 1918, when the mines were 
closed, and no production was reported until the Government subsidized prices 
of World War II made it profitable to operate. The mica is .4 good grade of 
light ruby etl. and sheets as nee as 12 by 18 inches have been 
el le 


Maine 


. Most of the mice produced in Maine is obtained as a byproduct of feldspar 
mining in Oxford, Sagadahoc, Cumberland, and Androscoggin Counties. The bulk 
of the material mined is marketable only as scrap mica, but sane excellent 
sheet has been obtained from a few operations, 


New Hampshire 


-- The principal. mica deposits in this State are in the southwestern area 
in Cheshire, Grafton, and Sulliven Counties. Small quantities also have 
been obi ined from a in Merrimack , mtrarierd, and. Coos Counties. 


the gous into which. the iitdavweaning popmatites have been intruded are 
achists and gneisses. The country is glaciated, and many of the pegnatites 
are therefore more exposed than those in the Southern States, although in the 
valleys they may be covered to great depths with glacial gravels. The mot 
productive deposits in New Hampshire are of the “wall-zone” type. ‘The 
percentage of ruby and white mica recovered in this State is higher than in 
North Carolina. The iraq content of New Hampshire mica is lower than in the 
Southern States. : 
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Adverse weather in winter has handicapped mining, but with the knowledge 
gained during the war years and the advances in prospecting methods itis 
pesible that this State will retain its position as a major mica producer, — 


New Mexico | 


The principal mica deposits in this State are west and southwest of 
Petaca in Rio Arriba County and in the Glorieta Mountains in San Miguel County. 
Much of the sheet mica in these two regions is ruled, distorted, A, or 
tangle sheet and marketable only for scrap. A small percentage will yield 
good punch and small sheet. Because of the high proportim of material 
marketable only as scrap and small size sheet, which command a low returm, 
plus the rélative inaccessibility of the depos its, production in this State 
is small, 


North - Carolina 


The mica deposits in North Carolina have been grouped by § Stuerett into 
three main belts - the Cowee-Black Mountain, the Blue Ridge, and the Piedmont 
(21), The Cowee-Black Mountain belt lies west of the Blue Ridge and roughly 
parallels the westerm border of the State. It traverses Ashe, Watanga, Avery, 
Mitchell, Yancey, Buncambe, Jackson, and Macon Counties. The Blue Ridge belt 
follow the Blue Ridge Mountains through the State and includes mines in 
Macm, Jackson, Transylvania, McDowell, Caldwell,’ and Wilkes Counties. The 
Piedmont belt includes mines in Rutherford, Burke, Cleveland, Gaston, Lincoln, 
Catawabe, and Stokes Counties. 


The mica-bearing pegnatites of this State have been intruded at all angles 
into the highly metamorphosed Carolina and Roan gneisses. These geisses, 
Probably of Archean age, have been altered extensively by folding, faulting, 
and great pressure, until it is difficult to determine whether the original 
formations were igneous or sedimentary. Younger granites, volcanic rocks, 
diabase, and sedimentary deposits also occur in parts of the region. Same of 
the mica deposits are on the sides of steep hillside cutcroppings or undor thin 
soll cover, and others are on gentile slopes of valleys under a deep cover of 
residual clay. Drainage qm the whole is a serious problem only in the Piedmont 
belt, where elevatian and slope are slight. Muny mines in this region must 
be pumped. North Carolina is the largest mica-producing State, but a large 
part of the sheet mica recovered is green, sane of which, because of its high 
pwer factor, has only a limited use in the electrical industry. The relatively 
high iro camtent of North Carolina mica prevents its use as ground mica 
utilized in the menufacture of glass-bonded mica insulatian. 


On the basis of large mines that were in operation fram 1941 through 1944, 
tho throo mica-producing belts of this State may be subdivided into four 
Ustricts. These districts, listed in order of importance, follow: 


1. Spruce Pine 
Ce S ylva-Franklin 


3. Shelby 
4, Rockingham-Stokes 
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The largest number of green-mice mines are in the SprucePino district, 
where they constitute approximately 65 percent of the major mines. About 25 
percent of the mines in the Franklin Sylva area, 25 percent in the Shalby area, 
and 50 percent in the Rockingham-Stokes district produce grean mica. Most of 
the ground mica produced in the United States also cames fran the Spruce Pine 
district. , 


South Dakota . 


The mica deposits in this State are in the southern part of the Black 
Hills, near Keystone, about 6 miles east-northeast of Harney Peak, and also 
in the vicinity of Custer, about 8 miles south-southwost of this mountain. 
The mica-bearing pegnatites, for the most part, have been intruded conformably 
into Archean gneisses, in which alteration has been extensive (5). Sheet mica 
has been produced intermittently fran deposits in this State since 1907. Fran 
1919 to 1939, the bulk of the production consisted of scrap mica produced as 
a byproduct of feldspar mining. Fran 1941 through 1944, this State ranked 
third as a producer of sheet mica, and in 1945 it ranked second. 


Virginia 


The principal mica depasits in this State are in Amelia, Henry, Hanover, 

Franklin, and Powhatan Counties. ‘The mics-beuring pegnatites occur largely 

in pre-Cambrian gneisses and schists of the Piedmont plateau. Production 
began in 1867, about the same time that the first deposits in North Carolina 
were being opened. The mines near Hewlett, in Handover County, were the first 
to be operated (25). Production was intermittent until 1916, but since 

that date saqne mica has been produced each year. A few of tho mica deposits, 
notably those in the vicinity of Amelia Courthouse, contain a wide variety of 
minerals, which make the occurrence of special interest to the mineralogist. 


SHEET MICA 


Physical Characteristics (21) 


Sheet mica as it canes fran the mine is commonly in rough blocks ranging 
fran a few inches to as much as 5 or 6 feet in maximum diameter. These blocks 
usually have ragged outlines and no plane boundaries, although they occasionally 
show well-developed arystal faces of hexagonal or rhanbic prisms, Owing to 
structurel characteristics, inclusions, and color, the rough crystals or books 
have certain physical peculiarities, to which miners and mica dealers apply. 
descriptive terms. Thus, on the basis of their structural imperfectians, micas 
are designated as “ruled,” "“ribboned,” "A," “hair-lined," “herringbone,” "fish- 
bane,” “*horsetail,” “feather,” "wedge," and "tangle-sheet.” Inclusions have 
glven rise to such terms as "black-spotted," “heavy-stained,” "“red-stained," 
"clay-s tained,” etc. On the basis of color, micas are variously known as "run," 
"rudy," “shito," “smoky,” "“groon,* “light ember," ond "“silvor-black." 
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Structural erfecticns 


The structural imperfections of rough mica crystals constitue the largest 
factor detemining the yleld of sheet mica. 


Parting planes often develop in the mica books fram strains or movanents 
in the enclosing rock, splitting the mica sheets into narrow strips or ribbans. 
This ruling is sanetimes so extensive that the ribbons are almost hairlike, 
and it may render large mica crystals, otherwise of excellent quality, fit oly 
for scrap. 


In "A" mica, two series of striations cross the sheets at an angle of 
about 60° with each other, forming a V. The third striation necessary to form 
the letter A is lacking, but this variety is nevertheloss termed "A" mica. Sane- 
times the striations are evidently caused by wedge structure in the crystals 
and again by small ridges or folds in the sheets. If the striations are | 
formed by wedging, am ly that portion between the A lines is usable as sheet 
mica; but if they are caused by folding, the mica may split across the folds 
and yield sheets of sane value though not of first quality. Where the 
striatiq extend only in me direction the mica is known as "hair-line", 


Striations apparently identical with those of "A® mica, but making angles 
of about 120° with each other and joining at a center line or spine, give rise 
to a structure imown as “fishbone.” “herringbme," “horsetail,” or “feather;" 
mica with such structure _ no value except for. epeens: 


The crystals of wedge mica, as the name implies, are wedge-shaped and are 
thicker on one side than m the otner. This structure is camon in “A" and 
"fishbone" mica and is due to unequal development in width of the laminae 
forming the crystals, only same of which extend the entire width of the block, 


*Tangle-sheet" is caused by the intergrowth of individual laminae, so that 
they split in same places but bind in others ; ; apparently sound crystals are 
thus made neat valueless. 


The mica books may be badly dictutvel:, eieeie. or corrugated, conditias 
probably produced by earth movements coincident with or subsequent to their 
crystallization. In fact, perfectly flat mica is rare; a slight waviness may 
be detected in even the best grades by touch or by visible differences in the 
reflection of light fram their surfaces. 


Air bubbles between the laminae are not unusual. If these are large and 
cmfined only to certain planes within the block, they can be removed by 
splitting; in sane instances, however, small bubbles are widely distributed 
between the folia, so that their removal is impossible. Samnetimes these 
bubbles are microscopic and are so numerous as to form clouds in the mica, 
Bubbles probably are caused by strains in the mica while in the ground. 
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Impurities 


The most camon impurities in mica are iron oxides, silica, and clay 
impregnating the crystals along their cleavage planes. The opportunity for 
infiltration of these impurities may have been afforded by opening of the 
cleavage planes through bending or distortion of the crystal by earth movements 
after their formation. Magnetite, perhaps the most prevalent inclusian, 
occurs as black spots and dendritic forms, which are sqnetimes arranged in 
patterns having a definite relatiam to the crystal structure, or they may be 
scattered irregularly through the sheets. Magnetite inclusions often alter 
to hematite or limonite, becaning red or brownish yellow, 


In sane localities, thin sheets of silica occurring as inclusions between 
the mica laminae interfere greatly with splitting of the mica. Scme of these 
inclusiqs are heavy and occur in the form cf wedges or lenses as much as a 
quarter of an inch thick. | 


Clay stains due to the infiltration of muddy water between the laminae 
are camon impurities in mica. They occur mly in mica caning fran the z@me 
of surface weathering. These impurities may be confined to certain planes 
only in a crystal, and thus may be removed by splitting. 


Crystals of garnet and black tourmaline are cama inclusions in mica. 
Although usually small, garnets up to three quarters of an inch in diameter and 
tourmaline crystals several inches long have been found embedded in the sheets, 
Crystals of biotite also are prevalent in the muscovite, or vice versa. Such 
intergrowths, although interesting fran the standpoint of the cea t, 
render mica unfit for sheeting. 


’ | Colors 


Mus covite, biotite, and phlogopite are the micas of cammerce. Muscovite 
is light-colored and, when split into sheets less than one-sixteenth of an 
inch, may be colorless and is called white mica. Sheets of one-sixteenth of 
an inch thickness are used to determine the calor of any particular piece or — 
shipment of muscovite. The colors reported are rum, ruby, smokey, green, and 
brown. Biotite, the irm mica, is dark, usually brown, brownish black, aor 
green, and is opaque to translucent in all but thin sheets. Phlogopite, the 
magnesium mica, ranges.in color from yellow through brown to black, or it may 
have a coppery appearance. Thin sheets of phlogopite are less transparent 
than muscovite owing to the presence of minute inclusions. 


Ruby=colored muscovite is preferred by capicator manufactures because it 
has a low power factor and is easy to split, in cmtrast to green mica, which 
may be brittle and may have a high power factor. 


The color standard for ruby mica prior to the 1941-45 period was based 
only upm the observatim and judgment of mica inspectors, Because of the 
critical importance of mica in the war qamergency, a study was made at the 
National Bureau of Standards to set un in fundamental tezms a color standard 
for ruby mica that could be applied particularly to micas close to the border 
line between ruby and green. The report shows that judgment by visual 
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inspection alme is satisfactory for micas that are definitely ruby or green, 
but that the procedure outlined in this report may be of sane assistance in © 
determining border-line material (10). 


Preparation for Market (6) 


Proper preparation of sheet mica for sale requires judgment in eliminating 
minor structrual imperfections and inclusions as well as knowledge and 
experience in trimming, splitting, cutting, grading, and classification. 
Greding and classification of mica are means of delineating, within the limits 
or standard groups, an ondless serics of variations in size and quality. 

The poorest quality in one classificatio approximately equals the best of — 
the next inferior classification; likewise, the largest size in one grade 
nearly equals the smallest sizo of the next larger grade. 


Processes of preparation include (1) cobbing, (2) rifting or sheeting, 
(3) trimming, (4) grading by size, and (5) classifying as to quality. ‘these 
are described briefly. 


Cobbing. - Crystals or "books" of mica as taken fran the mine aro knowm 
as “mine-run,™ and ordinarily rock adheres to them. Cobbing is the process 
of removing the dirt and rock fram the crystals and segregating the defective 
mica (scrap) fran the crystals that will yield good block (cobbed mica), 


Rifting. - Rifting is splitting the cobhed mice into sheets usually 10 
to 125 mils thick. A single- or double-edged, 3-inch-blade, rifting knife 
generally is used in this operation, and its proper use involves considerable 
skill and experience. The products of ee are (1) untrimmed block of 
mixed sizes, (2) punch and washer stock, a (3) scrap. Preparation of mica 
by properly trained rifters is extremely pon My as inexperienced workers 
will at best fail to recover the maximum velue fran the crude books and at 
worst can render a product virtuelly unusable for anything but scrap. 


Care should be exercised in rifting to avoid breaking or tearing 
leminations at each point where the knife is inserted in the rough book. 
Much potentially useful mica can be spoiled or reduced in value by careless 
or aneepere race rifting. 


Trimming. - Trimming of rifted blocks to remove ragged and tangled edges 
may be accamplished by knife, shears, Bu eine » or fingers. 


In danestic practice, ragged edges are broken fran the rifted block mica 
with the fingers (thumb trim) or are roughly trimmed with a kmife so that 
very little usable mica is ranoved. ‘The domestic practico is based upon the 
theory that the manufacturers can cut the largest pattern of specific quality 
fran the rough-trimmed block and still have trimmings fram which to produce 
smaller patterns of lower quality; but mica thus prepared is difficult to 
appraise properly, because the defective or unsound mica area is different in 
each piece. This results in a greater proportim of waste in fabricating 
thunb-trimmed mica as canpercd with knife-trimmed blocks, and its value per 
pound, therefore, is lower. 
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Knife trimming however, produces a smaller quantity of uncut or un- 
menufactured mica and a larger percentage of scrap at the mine than thumb- 
trimmed. 


To be of maximum value to consumer and producer, all sheet mica should be 
trimmed with beveled edges, and the total area of any piece of sheet mica 
offered for sale should not be greater than 2-1/2 times the area of the 
largest rectangle, free of cracks, reeves, or crossgrains, that can be cut frm 
it. | 


Half trim mica is trimmed on two adjacent sides, with no cracks extending 
fron the trimmed sides. Three-quarter trim is trimmed om all sides, with no 
cracks extending fran two adjucet sides and no cracks extending into the 
pattern. full trim mica is trimmed om all sides, with all cracks, reeves, 
and crossgrains removed. | 


Care should be exercised in handling and packing block mica, as the 
surfaces are eusily scratched and the edges readily damaged by rough handling 
and improper packing. It should be packed securely in wooden cases and 
canpressed to prevent shifting during shipping. The interior of the case should 
be free fran projecting nails and rough surfaces. an a re 


Grading. - Danestic mica is graded upon the basis of the largest usable 
rectangle of specific quality that can be cut fran the block, although the 
edges may be heavy-stained or otherwise defective, It is important that the 
sound areas only of each block be cunsidered in determining its grade size. 
The sound area of specific quality within the grade rectangle must be free of 
cracks, pinholes, cross-grained areas, etc. Danestic grading as to size is 
as follows: The smallest circular size, designated as punch, is sheet mica, 
from which disks ond washers at least 1 inch and not more than 2 inches in 
diameter may be punched. It must be virtually flat, although it may contain 
cracks end may be clear or stained. The sheet yielding washers 2 inches in 
diameter are called "circle mica." ‘Then follow the rectangular sizes or 
cambinatiams equal in ures to 1-1/2 by 2 inches, 2 by 2 inches, 2 by 5 inches, 
3 by 3 inches, 3 by 4 inches, 3 by 5 inches, 4 by 6 inches, 6 by 8 inches, 8 
by 10 inches, "and larger, known as “shcet mica. “ Figure 2 shows these grade 
sizes graphically. Each size includes the designated dimensias and ell 
larger sizes up to the next grade. A sheet i by 7 inches would be classed 
as 4 by 6 inches. 


Use of simplified grading chart, - The three concentric circles in figure 2 
show the minimm area of small punch, punch, and circle, respectively. Place 
the mica so that the circle of the sound area is centered at O and observe the 
relation of the circles to this area. If it is larger then the smallest 
circle end smaller than the intermediate it is classed as “small punch;" if 
it is larger than the intermediate circle and smaller than the cuter circle 
it is "punch," etc. 


For rectangular or square blocks, place the mica so that the lower right 
corner of the sound area is at O, the smaller dimensiqm of the sound.area 


extending along the verticul line and the larger dimension almg the horizontal 
line, The largest rectangle ™m the chart that is caapletely within the 
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boundaries of the sound area indicates the grade size. Each grade size 
Includes mica of the designated minimum dimensions and smaller than the next 
larger size. A block or sheet the usable area of which is 1-1/2 by 2-1/2 
inches is classed as 1-1/2 by 2 inches. Sizes 8 by 8 inches and 8 by 10 
inches and larger are not shown.on this chart. 


In many instances it will be well for the miner to prepare a grading 
chart suited to his specific needs, It must be remembered that the simplified 
chert shows only ane dimension cambination for cach grade size. The minimm 
acceptable ares for 2- by 2-inch sheets is 4 square inches, and the maximu:is 
6 square inches. The smallest or minimum dimension in this grade is 1: inch. 
Thus, a Strip of mica 1 inch wide may range in length fram 4 inches to 6:°: 
Inches. The following tabulation shows the cambinatims of dimcensims that 
nay be used to construct a 2= by 2-inch ereding chart. The sertes of -° --- 
rectangles with a canmon point at O outline the smallest acceptable and --- 
largest areas econanical in the 2- by 2-inch grade. 


Smllest or minimum Largest or maximum 
area (Ca, in), ing inches 
1 by 1 by 6 


y 
1-1/4 by 3-1/4 1-1/4 by 4-3/4 
1-1/2 by 2-3/4 1-1/2 by 4 
1-3/4 py 2-1/2 1-3/4 by 3-1/4 
2 by 2 2b 


¥ 5 
2-1/4 by 2-1/2 


Actually, the dimensions in the column ct the left in the preceding teble 
pee the uppex limit to the 1-1/2-by 2-inch grade end the lower limit of 
- e- by 2-inch grade, whereas the column at the right is the upper limit of 

€ & by Q-inch grade and the lower limit of the 2- by 43-inch grade. Figure 3 


ia ee With the above dimensions and may be used to grade 2- by e-inch 
. + @ wo ‘ 


Danes tic end Indian grading (by size), approximate comparison 


Usual 


Area (in single rectangle Standard 
Resto Sades ok Sqe ine _—— Indicn grades 
im 

Smal} punch..,. ‘in Sum ST ai 

Punch Seoerecs iL 1 e 7 

Cirde, oft eeees 1-1/2 | 2-1/2 No. 6 

11/2 "88cm en eccce 2-1/2 3 . - No. 5-1/2 

2 hy 2 no etches ° 4 ( 

Se NEiec f 6 panes 5 

'y 3 inches... °° °** é 9 No. i 

2 OY 3 inches, @eoes ae C 

2 oY 4 inches. fGeesee 9 c No, 5 

3 by 5 ~Cerveces 12 15 ( , 

inches , ‘ Tl 
4 bY 6 dy Set ecces L5 2 No. 2 
NE eel, 2) 36 : No. l — % 

6b 36 48 | No. 1A 
TAewaeereeee 48 : 64 | | Spectal 
22710 inchog Tt eeess | OF Sea 
Cte, - In SF © oveve GO tra-ex & Spec 


"Dunchn anes tic preparation, oly epproximately 20 percent of danés tic 
of the read be trimmed to Indian No. 6 grade, but approximatcly 75 percent 
Gradeg , oa danestic sizes may be recovered as the corresponding Indian 
436727 ent 26 6 is divided into small, regular, and large. Smell punch is 
; - the No. 6 small. 15 - 
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Grading according to Indian stenderds limiting dimensions 


Width, inches os j eneth inches 


Grade Minimum {  Moxinun Maxtrium 
Jesesveoe 06d dl i rd 
da a | 4 Te | : 
ecoscece 1.5 ! 205 7 2e5D 4 
Seccdecs.| 2° | Bee . 3.2 5 
Cocceces 2 | - Jel Ael 7 
once BS: £2 ie 3 kg |B 
A-leeces 4 ! 6,0 ; 6.0 g 


Classifying. - Exact classification of mica for quality is extremely 
difficult, because it depends sanewhat ™m individual interpretatios of 
standards. Danestic mica is classified upon the basis of the quality of the 
largest usable rectangle of sound area thet con be cut iram the block, 
although the edges may be heavily stained or otherwise defective, whcrecs 
by the Indian method the avorage quality of the entire piece is the basis 
of classificatiom. If the domestic industry is to retain any of the gains made 
during the second World War period, it will be necessary to prepare sheet mica 
to full Indian standards. Figure ff 4s a chert for Indian greding of mica. 


The American Society for Testing Materials has adopted the following 
standards of quality: 


| Gl eAy <5 cbcbuwaeeioes Free of all mineral and vegetable inclusions , 
steins, air inclusions, waves, or buckles, 
Herd, transperont sheets. 


Clear and slightly 
Staineteeeseescseoe Free Of all mineral and vegetable inclusions, 
ce cracks, weves, end buckles but may ccntain. -: 
slight "stains "end air inclusions. i 


Fair-steained.esceses Froe of mineral and vegetable inclusiogs and 
; . cracks, hard, contains slight air oes oe 
and is "slightly WEVY e 


Good=stainedecsesceooe Free of mineral inclusions and cracks but = 
contains air inclusions, same vegetchle., : 
inclusions, and may be saqnewhat wavy. 

Staindecscececeoeee Free Of mineral inclusions end cracks’ but 

| | may contain considcrable cley ond vegetable 
stains and may be more wavy and softer than 
the better qualities. 


Black-stained or vie NS 
SPOttede cevevsecscce Same as stained, but contains minerel inclusiqms. 


Black-stained is sqnetimes sepernted into four qualities or classes, they 
are, in descending order of quality, showing increase in degrec and distribu- 
tion of staining: (1) Heavy-stained, (2) light-dotted, (3) bleck-spotted, end 


4387 - 16 - 


Google 


Figure 4, - Chart for grading mica to Indian standard sizes. 
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(4) black-stained. Black-stcined contains verying proportions of iron 
or other metallic oxide in stains, streaks, or spots. 


During World War II, cs port of the program of conserving supplies of 
strategic minerals, efforts wore made to increase the use of the lower classes 
(qualitites ) of sheet mica in the less exacting uses of the electrical 
industry, thereby relecsing larzcor quantitites of, the highest classes for the 
nore exacting uses. The Bell Tolephanre Leboratories developed, at the request 
of the War Production Board, a prectical scientific instrument for testing 
and evaluating the electrical quelitics of mica, although it cannot be used 
to test flatness of the shcet, flexibility, or other physical characteristics, 
It is estinated that by using this wachine the quantity of damncstic sheet mica 
Classified as satisfactory for electricel uses could. be increased about 

percent.. , : , 


SCRAP MICA 
Physical Cheractoris tics 


Scrap mica ig obteinud from e number of souraes, It. uay cme fram mines 
Cpercted solely for the recovery of scrap; as mine screp resulting frm the 
Preparctim of block mica; as a byproduct of feldspar mining; es factory scrap 
nine were of the waste material resulting fran the trimming of block mica 
© sheet, or the final cutting of sheet ond built-up mics into useable shopes. 
Included with Scrap is mice recovered by grinding mica schists, washing olay, 
ae ootained fron feldspar flotetio plants, Factary scrap is usually the 
- St and hi shes t-gredo material, elthough sane scrap obtained fran built-up 

“maMfecturerg conteins bindors that may be dotrimental in certain uses. 


Preparetion for Market 


ee oY waste mica produced in the Unitod States. is utilized es raw _ 

cruahin or the ground-mica industry. Only the material recovered fram the 

undergoes wr milling of schists, washing of cley, and flotation of feldspar 

the ny Preparatian before sale. Factory scrap and that recovered fran 
ming Of sheet end built-up mica is simply bagged and sold to the mica 


Grinders, the . 3 
nine scrap i ee flow sheet is typical of that used by canpanies that 


Truck 
v 
Jaw oOrusher 


oy 
- Bucket elevator | 


y 
Bin or flune 
= SS 


Roll crusher 
v 
Screen --> gengue minercls wasted 
Vv . " Ye 
Roll crusher 
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Screen <-> gongue minerals wasted 


9 creen “<9 inte to wiaite 


Roll crusher > 


The schist is dumped into the jaw crusher, broken up, and washed through 
the crusher to bucket elevators, which carry the material to a flume.. Tho 
flune may have cne or two outlets, depending on the number of mills operated. 
Fran the flume, the meterial goes throug: « series of roll crushers and screens, 
which separate the mica from the gangue of quartz, feldspar, garnet, end clay. 
The gongue materials ars wasted, Fran the second screen, the mica is cerried 
by tcket elevator to the druining bin. Fram this bin, it is fed by a screw 
feeder to a rotary oil-fired.dryer, and then by bucket elevator to a l4-nesh 
scroen.e The fines fram this screen elso arc wested. The oversize goes through 
a roll crusher and is. bagged for shipment to mica grinders. Light-colored or 
white scrap mica commands the highest price. Sane canpanies, therefore, blend 
the mica before shipping in order to market c product thct is light in color, 
Additional information on the recovery of scrap mica is included in a report 
by G ee and i. F, Clark, of the U. S- Bureau of Mines (16). ; 


GROUND MICA 


Ground mica has an unctuous feel, and nost of its current uses depend upm 
its appearance and its lubricating, covering, cnd adhesive properties. It is 
graded according to manner of grinding wane or cay mesh size, oar and 
freedan from impuritics.. 


- Despite ites poptness sal Canty structure, mica is sapeeueively difficult 
to grind, Sheet mica is readily amenable to splitting into thinner sheets, but 
it resists. grinding because oven the thinnest films or flekes. ere tough, 
elastic, and so smooth that they slip over one another. Grinding of nica, 
therefore, is a shredding and tearing operation rather than the usual crushing 
action. An additional problem is that the sheen and other veluable character= 
istics are impaired if the temperature during grinding is too high. Wet-ground 
mica brings a higher price than dry-ground material, chiefly because it retains 
its sheen and the edges of the flakes are sharp in contrast to the torn and 
hackly edges and abreded surfaces of the dry-ground meterial,. _Abresion of 
flakes gives the product the sppearance of flour, reduces the slip, end inpairs 
the ability of the product to mix with liquids, | 


Dry Grinding 


Dry-grinding plants include those grinding mica schist, or mica and 
chlorite schist, and those using scrap mica as head feed. At least two plants 
beneficiate mined schist by a wet process, dry the product, and use it as feed 
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for dry-grinding plants. The schist.is. crushed, dumped into a sluice, and 
carried to the mill. Roll or rod mills are used to break up the matorial, 
separate the mica fran the gangue, and remove inpurities fram between the 

sheets of the mica. DOOKS « This product is dried and deliverod to the dry- 


The process and machinery used in dry grinding vary considerably in 
accordance with the personal preference of the mill operator. There frollows a 
sinplified flow sheet of a mill suitable for Ea eee schist or the 
beneficiated product fran a schist deposit. 


Primary hammer mill 
Ni 

Cleansing screen --5 finos to waste 
ql 


1/ 
Secondar hammer mill 


Cleansing screen --5 fines to waste 


Overs ize 


‘\ 
Finishing hammer mill 


Sizing 6 creens 
l 
Be gging 


High-speed hammer mills, rod mills, and pulverizers of the cage-disintegrator 
type equipped with screens or air separators have been used successfully. The 
discharge from the mill screens is generally fed to multiple-deck vibrating 
8creens, which produce the sizes required. Mesh sizes range fran through 6 on 
10, or 16 to 250 mesh. Same of the simpler plants, however, make separations 
only at ho, 60, and 100 mesh. 


Recovery of mica at the beneficiation plants usually ranges fran 12 to 
18 percent of the head feed. This product then becomes the head fced for the 
grinding mill, and recovery at the latter mill averages 90 to 96 percent. 
Where schist is fed directly to the grinding mill, only about 10 percmt of the 
head feed ic recovered. Because some camsumers specify color requirements for 
the finished product, sane blending of the head feed is practiced. 


Other types of mills in past or present use for dry-grinding ore buhr 
mills, emery mills, and various types of attrition mills. A cylindrical mill 
or grinding trammel charged with steel slugs was caamm at me time (2%). 

One Canadian mill ground mica by a shredding action. The mica wos fed between 
two horizontal steel disks carrying rows of studs or teeth. The upper plate 
rotated and the lower plate reanained stationary (19). 
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Wot Grinding 


Mica is wet-ground in mills that resemble the well-imowm Chilean nill, 
which is still utilized for feldspar and sand grinding and formerly was used 
extensively in ore-drcssing plants. The mica-grinding mills may be entirely of 
wood construction or may be cylindrical steel tanks with bottans of ond-grein 
wood blocks or with steel-lined concrete side walls and camcretc bottqis — 
protected by wood blocks. ‘The bottans of these mills are flat and do not have 
a screen or annular leunder for continuous discharge. Grinding must be done on 
wood to preserve the luster or sheen of the micae Wooden rollers 30 to 40 
inches in diameter and with a 20- to 26-inch face rotate and float m@m the 
charge. Most of the mills are driva fram above, but same of the earlier mills 
were driven by gears underneath, the drive shaft passing upward through a 
stuffing box. Obviously, however, such en arrangement cfforded oxcassive 
leekage or necessieted large quentities of packing materials. The wood blocks 
in the bottan of the mills are placed end grain up, and the rallers elso are 
assembled with the end grain exposed. Ash, meple, black gun, and pine are used 
The inside dianfeter of the mill ranges fran 3 feet in the earlier mills to 
10 to 12 feet in preset milis, and the rollers revolve at about 20 r.p am. 
Grinding can be accelerated by increasing the speed or weighting the rollers. 
However, this increasesfrictim between wheals and charge, thus increasing 
the tenperature of the mess. Care must be taken, because excessive heat will 
mar the sheen of the product. 


Following is u simplified flow sheet of a typical wet-grinding mica nill. 


Hopper 
Grinders 


Sand vats 


Settling tenks — 
4 
Slip tank 
ee cae ; | 
Filter press 
bryer | 
V4 
Prelininary screen 
AF | 
Silk-cloth reels 
| Bagging 
Scrap muscovite mica is fed through hoppers to the grinding mill, and 
enough water to keep the rollers am top of the mice is added. When using a 
batch process with a charge of about 2 short tons of mica, grinding time is 
8 hours. Additional water is added during the grinding to keep the tanperature 


of the cherge below the boiling point and to maintain the charge as a thick 
paste. After grinding, the material is discharged fram the mill to sand vats. 
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The mica is water-agitated, and the sand is released and falls to the bottan. 
Fran the sand vats, the mica flows to settling tanks. After about 8 hours, — 
the nica has settled to a paste, and the water is siphoned off. This mica 
paste isshoveled to a slip tank, where it is fluffed by steam and pumped to a 
filter press, where it is pressed into cakes about 2 feet in diameter and 2 
inches thick. The filter precs reduces drying time by 50 percent. The dried 
cakes are then.dumped into pot-type dryers, which heave revolving paddles to 
breax up the cakes and prevent packing or‘the mica. Drying tine is about 3 
hors, From the dryers the mica ts elevated to a wire scalping screen to. 
raove wood and other foreign material in preparatim for final screening 
through silk-cloth reals. There may be as many as six reels, and the product 
varies fran 160 to 325 meshe The finished product is bagged by & screw packer. 


Biotite mica may be vatercanouna by the sane process, with the exception 
that filter-press cakes are table~dried. If pot-type dryers are used, biotite 


packs into balls ranging in size fram 4 pea to a baseball, and the arying is 
not uniform. 


Micronized nica 


This type of grinding consists of subjecting a charge of scrap mica in a 
circular chamber to steam pressure from a series of jets which keeps the nica | 
cirwlating at high speed. . There are no moving parts in this machine. Mica is 
fed into ‘the circular grinding chamber through two l-inch pipes on opposite . 
sides of the chamber. Steam at 100 pounds pressure superheated to 550° F., 
issuing fran numerous jets saround the poriphery, keeps the mica circulating 
at high spoed over tecth set at various angles around the inner walls. When 
the mica reaches the desired size, it grevitates toward the center of the 
chamber and drops to the primary collector, fran which it is bagged. There is 
&@secoidcry collector that recovers mica fran the waste steam pipe. The - 
letter material is not completely dry and is put through the pot dryers at the 
vet-grinding mill before begging. Two theorctical mesh sizes of 1,000 and 
3,000 mesh are prepared. The mesh size is regulated by the quantity of feed 
md the steam pressure. A smaller charge and an anoreds © in steem pressure 
Produces the so-called 3,000-mesh matorial,. 


DOMES TIC PRODUCTION 


Sheet Punch and Scrap 


According to Sterrett. (22), fran 1805 to 1867 Now Hampshire produced all 
the mica mined in the United States. No records of the quantity and velue 
nined were kept until 1890, however, when mines had been opened in several 
other States. Until about 1890, the bulk of the mica used by industry was 
utilized by the glazing trade, and anly large, clear sheet wes satisfactory. 
After 1890, the great growth in the manufacture of clectrical apparatus and 
hachinery called for incrcasing quantities of mica. About the seme tine, 
Ground mica for use©¢ as wallpaper decoratian cans into demand and provided a 
narket for much of what had been considered waste mica. For the period 
183 to 1885, danestic mica‘nines furnished virtually o11 of the large sheet 
Tequired by industry. After 1885, increses ing imports fran Indie began to make 
inroads on danestic production. 
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The quantity of imported sheet mica has increased steadily and for many 
years hes accounted for 12 to 2 porcent of the total ener consumed in | 
the United States. 


the annual production ‘and value of sheet, . lee scrap, P ond veclatnad mics 
from 1920 through 1947 is shown in table 1, Punch and circle mica canprise 
85 percent of tho total sheet produced in the 1920 to 1947 period. ‘Thus, only 
15 percent of the sheet-mica output of the United States is the larger sizes, 
the best gradeqg of which bring $1 to $10 per pound. Much of the larger sheet 
mica is stained and has air bubbles, cracks, or inclusions of other ahaa 
which make it unsuitable for critical uses. ‘ 


Although 8 crap mica is of low unit value, it Sie, as shown in 
table 3 and figure 5, 8] to.97 percent of the mica produced in the United States 
Scrap and schist mica are valuable mly as raw material for use in-the mam- | 
facture of ground mica, Separate statistics on the recovery of scrap mica 
were first campiled in 1893 and have been available camtinuously since that _ 
time. Mica recovered fran schist was first reported in 1916 fran the washing 
of kaqlin and china clay in 1925, and fram flotation recovery of teldspar in - 
1946. Although mica recovered fran schists, clay washing, and feldspar — 
flotaticqn plants may be marketed as ground mica, it is reported as a raw 
material because it represents an original recovery of mica. Table 1 shows 
that the production of scrap mica did not exceed 10,000 short tms until 1945, 
and reclaimed-mica production did not reach that tonnage until 1937. The total 
annual output of scrap and reclaimed mica exceeded 20,000 tons for the first 
time in 1946 and reached an all-time high of 53,602 tons in 19h6,. 3 


‘The steady increase ih output of scrap mica js due in pert to an. ever 
increasing number of wes for this material, Its cotinued increase during 
the recent war, when. many nonstrategic commodities were curtailed is attributed 
to the many essential uses for one mica in the wartime econanic program. 


North Carolina » New Hampshire, and Connecticut have for many years been 
the largest mica-producing States, and North Carolina is .the largest producer 
of scrap and reclaimed mica, The output of sheet and punch mica by these 
‘States in the 1920 to 1945 period was, respectively, 19,813,205 pounds, 
12,671,160 pounds, and 3,014,839 powds (see tables i, 5, and 6) for a total of 
35,499, 204 pounds, which is 91 percent of the 38, 965, 752 pounds produced in 
the United States for that period. This breakdown cannot be given for the 
years after 1945 except for North C,rolina, because scparate figures for 
production in New Hempshire and Connecticut are not available, The production 
of scrap and reclaimed mica in North Cgrolina for the 1920 to 1945 period | 
reached 292,422 short tons, or 59 percent of the 601, 857 tons ‘produced in the 
United States for that persed 


| Grouna Mica, | 

Ground mica was first marketed in the United States about 1890, when wet- 
ground mica was first ued as a decoration on wallpaper. The use of dry- 
ground mica in roofing was first reported about 1908 Productim figure, 


however, are not available for grand mica before 1923. Although the first 
canmercial production of ground mica in the United Stetes wag the wet-ground 
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Figure 5. - Production and value of sheet, punch, scrap, and reclaimed mica, 1920-1947, 
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material, this type has never accounted for more than 35 percent of the total 
annual output, and for the 1923 to 1947 period (see table 7) accounted for 27 
percent of the total output. Annual production of wet-ground mica approximated 
3,000 short toms fran 1923 to 1936, and then advanced sharply to 7,702 tms in 
1939, declined to 6,175 tms in 1940, and reached an all-time peak of 11,505 
tms in 1941. The high output is attributed largely to the military demands 
for wet-ground mica in paints for waterproofing tents and tarpaulins; and as a 
canstitutent in plastics, rubber, and welding-rod coatings. Dry-ground mica in 
* the 1923 to 1947 period accounted for 73 percent of the total output and 
reached a peak of & percent in 1944, The 1944 output was also an all-time | 
high, This large production is also attributed to military demands, such as 

a filler in asphalt landing mats for temporary airfields. Clean, white, low- 
iron muscovite was in demand for use in glass~bonded insulatio for radio sets, 
axncable and telephme insulatio, The output of dry-ground mica declined in 
1945 beceuse of a reductim in military requirements and relatively low 
peacetime demands. The output increased in 1946 and reached a new all-time 
peak of 55,732 tons in 1947. ‘The increase is attributed to the large postwar 
cmstruction program with its heavy demands for roofing and paint. 


ECONOMICS 


Econamic Considerations in Prospecting, Mining, and Marketing 


Many mica mines are small operations, and mining is frequently started 
with a meager capital outlay. Exploration and development are either slight 
or lacking entirely, and as a result the opportunity for efficient operation on 
& lmg-temm basis or expansion at minimum cost are sacrificed. Only the 
imediately pranising outcrops are investigated, and waste material may be 
thran over workable ground. This not only results in handling waste several 
tines but Limits the number of working faces that may be opened at:a given tima 


The United States has for many years been the world's largest producer 
and consumer of mica. Danestic production accounts for about 3 to le percent 
of its requirenents of large sheet mica, about 90 percent of punch, circle, and 
scrap requirements, and less than 1 percent of the splittings required for the 
built-up mica industry. The bulk of the mica mined in the United States, as 
in all other countries, is scrap. However, in most other countries the scrap 
is wasted, and only the sheet and punch material is reported as production, 
The United States supplies aly a small percentage of its large sheet require- 
ments because of the relatively high domestic production and preparation costs. 
Relatively few men are anployed in mica mining, and danestic sheet is georally 
poorly prepared. During the recent war, when mica mining in the United States 
reached an all-time peak, about 5,000 were employed in mining, in contrast with 
a total of about 100,000 in India during the seme period. 


 ‘Byaluation of Prospects 


~ 


All block- or sheet-mica deposits of canmercial grade have been found in 
or associated with pegnatites. However, it has not been possible to formulate ~ 
criteria that will determine exactly the difference between a barren and a 
Productive pegmatite, because a pegmatite that is barren for mech of its length 
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may contain mica in canmercial quantities in the remaining part. Thus, not 
only the right pegmatite but the right part of the pegnatite mst be found. 


_ A productive pegnatite, however, is generally me that has a pronounced 
zonal structure. The presence of zones rich in plegioclase feldspar almg the 
walls of pegnatites is a good indicator of the possible presence of a wall- 
zonvd mica deposit. Explaration of wall-zone depwits, however, should be 
thorough, because many such deposits are made up-of rich shoots of mica. 
separated by leaner portions. Obviously, the size end extant of the entire 
zone should be considered before operations ere started. Cores and bulges in 
Pegnatites should be examined for core-margin deposits. In general, quartz- 
rich cores are more productive of mica then feldspar cores, but exceptions 
have.occurred. As much of the core as possible should be exsmined prior to 
operation, . ee on | 


The size and attitude of both the pegnatite and the enclaed mica deposit 
must be determined, becuuse these features determine the nature, scale, and 
cost of mining. Large, tabular, steeply dipping, disseminated deposits favor 
low-cost open-cut mining, whereas. the same typo deposit of moderate dip can 
be operated most efficiently by starting underground operations at an early 
stage. It is most importent, also, that underground operations be planned with 
reference to the structure of the pegmatite cnd the well rocks. 


The widespread belief or hope that the quantity and quelity of mica will 
increase with depth or that a pegmatite canpletely barren at the surface = 
contain a workuble deposit at depth is justifiable mly under certain . . 
conditions, If detailed study shows that in depth the pegnatite becanes 
zoned, than it is possible that the quentity or mica may increase or that mica 
may be found below the surface. Mica books on the outcrop may be soft, water- 
soaked, split by frost alog cleavegos, and stuined by rust fram pyrite or by 
organic material. These alterations may extend only to shallow depths, but 
if the pegmatite is badly fractured or the wall rock is rich in pyrite, the 
staining and fracturing of the books may extend to depths of WO to 70 fest. 
Other defects of a more serious nature cause the formation of ruled, reeved, 
wedge, or Amica. Such defects have no relation to the surface cmditiams; 
they are due, rather, to unfavorable circumstances during the formation of the 
pegnatite or to later deep-seated earth movenats lamg before the pegmatite was 
exposed to atmospheric conditions. Production records have shown that the 
number of mines in which the quantity and quality incress ed, in depta are about 
equally matched by a similar number in which the mines vecame leaner or the 
sheots were 30 distorted at depth that a were satisfactory far chains only 
as scrap mica. 


Mining 


Mica mining, particularly if conducted by inexperienced operators, 
involves great financial rish owing to the irregularity of the borders of the 
pegmatites and the erratic distributim of mica. These features dictate the 
size and shape of the opening and have an important bearing upon the mining 
method to be auployed. Thore is a tendency on the part of many.miners to work 
the mines qnly for Paes values, with little Eoeee for the future. 
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The miner testing the deposit. feels he must have immodiato return for his labor, 
and accordingly he follows the mica wherever found by pits, crosscuts, incline, 
shafts, and irregularly spaced tunnels. Thus, the mine has been given a poor 
start, and subsequent systematic mining of such a property is difficult. There 
are sane cases, however, because of the scattered occurrence of the mica, in 
which systenctic mining is almost impossible, | 


Some mica mines produce only scrap suitable for grinding, and others 
produce scrap and variable percmtages of sheet and punch. ‘The ratio of 
production of sheet to punch is important to any prospective producer, as is 
the relationship of sizes and quelities, because profitable operation may 
depend upon marketing camsiderable quentities of low-value punch. The yield 
of usable shect mica varies considerably in different deposits but is always 
small. Generally, 2 to a maximum of 6 percent of the total rock mined is 
merkctable as raw block or sheet mica. A large part of this is saleable mly 
€s punch and:circle mica, and a minor cmount as rectangular block mica, 
Copbbing, rifting, and trimming eliminate 50 to 70 percent of this block mica, 
and most of the trimmed product may be the smallest size, 1 by l-inch. Rerely 
more than 15 percent will be 3 by 4 inches and larger, and there is always the 
possibility of e large percentage of the sheets being heavy-stained or otherwise 
unsuitable for critical needs. a 


Ordinerily, mica miners have three choices in disposing of their mica; 
first, and most canmonly, they sell their entire "mine-run" output to a 
trimmer or broker; second, they may sell the roughly graded sheet to the trimmer 
or oroker; and third, they mey prepare the mica for the casumer market. It 
mst be recognized thet the quality of mica will vary fram mine to mine and 
fran time to time in the same mine. It is impossible, therefore, to be certain 
of the value of the output of eny mine over a period of time. In view of the 
large losses in quantity end the difficulties and costs of proper preperation, 
not small miners dispose of the mtire “mine run" to a trimmer or broker. The 
Owner sqnetimes leases his proerty for mica mining and is poid a royalty o the 
mica as renoved fran the ground. 


Marketing 


The productim of sheet mica, including punch, in the United States, as 
Shown in table 5, has never accounted for more than 13 percent of the total 
cutput and in the 1920 to 1947 period was only 4 percent. Scrap and reclaimed 
nica, therefore, make up 8/7 to 97 percent of the total danestic mica marketed 
in the United States. The annual production and value of sheet, punch, scrap, 
and reclaimed mica for the 1920 to 1947 period is shown graphically in figure 
2+ Fran this graph it can be seen that the-value of scrap and reclaimed mica 
produced in the United States fron 1931 through 1947, with the exception of part 
of the recent war period, 1941 to 1944, is greater than the value of the sheet 
and punch marketed. The high values ior sheet and punch mica during the war 
are attributed to the subsidized prices of $6 to $8 per pound for the small 
sizes of the strategic grades of sheet and 4O cents per pound for punch during 
the period, in contrast to the normal peacetime values.of 10 to 50 cents per 
pound for sheet and 3 or 4 cents to 20 cents for punch. These abnormal values, 
therefore, should not be considered in an econanic study of the normal or 
peacetime trend of the mica industry. .The low unit value of sheet mica in the 
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United States is attributed to the large percentage of punch produced and the 
poor preparation of the larger sheet. Except for the recent war period, when 
the strategic grades of danestic mica were preapred three-quaters or full 
trim, sheet mica in the United States has been marketed as half trim material. 
For the 1920 to 1947 period (see table 1), &5 percent of the total sheet 
produced was punch mica with an average value of 9 cents per pound. Larger 
sheet, because of the subsidized prices during the war, brought an average 

of $1.32 per pound. 


Helf-trimmed danestic sheet mica must be further processed to full trim 
before it is usable by the manufacturer, in contrast to Indian and Brazilian 
sheet, which is offered for sale as full-trim material at a price canparable 
to the danestic product. The danestic mica minor or trimming-shed oporator 
contends that the cost of preparing danestic mica to full trim is greater than 
the market price obtainable for the finished material, This opinion is cm@m- 
firmed by a cost study made during the recent war, which showed that the cost 
of mining sheet mica in the United States wes about $3 per pound. Preparation 
of the mined mica to full-trim camdition involves an additiqnal $2 to $3 per 
pound, or a total cost of about $6 per pound. During World War II, the average 
price paid by the Metals Reserve.Co. for imported strategic grades of sheet 
mica averaged about $1.50 per pound. Thus, a danestic miner or trimmer could 
not canpete econanically with Indian mica miners or processors whose puy 
scale was about 16 to 32 cents per day, and total mining and trimming costs 
were about 50 to & cats per pound. Although costs have increased in India, 
the Indian producer still has a canpetitive advantage. It is believed, there- 
fore, that a successful sheet-mica operation in the United States, with Few 
exceptians, must be one in which the major product is a large volume of a 
relatively low-priced but stable commodity, such as scrap mica or feldspar, and 
where the sheet mica is recovered as a byproduct. The term "strategic mica* 
was much used for the better erades of sheet mica during World War II. 

Perhaps a better term would be “mica of military grade," which would include 
ell full-trimmed muscovite sheet mica of sizes 1 by 1 inch and larger of the 
qualities know as clear and slightly stained, fair-steined, and good-s tained. 


Table 2 shows the quantity of domostic mica produced in the 1920 to 1947 
period that is believed to be of military grade. A summary of the estimated 
military-grade mica produced in the 1880 to 1919 period also is included in 
table 2. During the war, the quantity of domestic mica that mot military 
Standards was about 15 percent of the total annual output, mt actual figures 
are not available on the quantity of shoet mica of military grade produced 
before and after the wer, as most sheet mica in the United States is prepared 
only as half-trim matorial. It is belioved, however, that 10 to 15 percent 
Of the sheet and punch mica produced in the United States would moet the 
standards of military-grade mica. The quantity shown as military-grade repre- 
sents (except for 1942 to 1945, for which actual figures are available) approxi- 
matoly 12 percent of the annual domostic output of sheet and punch mica. 


MICA USES 


The porfect cleavage, flexibility, chemical and physical stability, 
transparency, high dielectric strength, and luster of mica make it serviceable 
in many industries. From the defense viewpoint, the most important of these 
at present is the electrical industry. a | 
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Ancient and extensive workings in the southern Appalachians ond mica 
found in the graves of mound builders in the Mississippi Valley offer con- 
clusive proof that mica was mined in the United States before the arrival of 
the white man. Except for ornaments, the uses for which this mica was mined 
are unknown, however. ‘The first modern use known for sheet mica in the . 
United States was as windows in stoves. Mica for such use came from the 
Ruggles mine in New Hampshire, which was opened in 1803. About 1&0, a use 
for the large quantities of scrap or waste mica, fram sheet-mica operations, 
was developed. Wet-ground mica made fran. scrap was utilized’ as a decoration 
On wallpaper. Additimal uses for sheet mica were as chimneys for lamps, 
Shades for open-flame lemps., and nonbreakable spectacles for industrial use. 
The use of mica expanded greatly with the invention of built-up mica in 194. 
This product, made of mica films or splittings cemented by shellac or resin, 
can be made into sheets of almost any desired size. The sheets can be milled 
to uniform thickness or can be made into tubes of many and varied shapes. As 
the electrical industry increased the insulation and dielectric qualities 
of mica became more important. It may be said that possibly because of these 
two properties of mica the electrical industry prospered. As the size of 
electric motors, transformers, and. generators increased, it became very 
difficult to obtain sheet mica in large sizes or in large enough quantities for 
the many parts of these electrical products. Thus handicapped by the sizes 
of sheet mica available, motors were held to’small sizes, or the larger motors 
were forced to use other insulating products, which reduced operating j 
temperatures so greatly that only a small part of its potential current was. 
delivered. The inventiam of built-up mica and the manufacture of large sheets 
sdlved this problem. Same of the electrical wes for mica are for insulating 
rings, sleeves, bushings, and camutatio-segnent insulation in electric motors; 
also in generators, condensers, electric-light bulbs, sparkplugs, fuses, and 
heating elements of flat irms. By 1913, additional uses for ground mica had 
been found, such as filler in rubber, as a decorative facing @m camerete, and . 
in the tempering and annealing of steel. Sheet mica also was used as lanterm 
slides in the photographic industry. <A listing of the uses of sheet and | 
ground mica, classified-essential, less essential, and nonessential, was 
reported by W. T. Schaller in 1918 (18). Ess ential uses included electrical 
insulation, which utilizes film, sheet, splittings, and built-up mica board. 
Less-essential uses included sheet mica used in stove fronts, lamp chimneys, 
and shades, splittings and built-up mica used in electric heating devices, and 
ground mica used as pipe and boiler covering, roofing material, an annealing 
agent for steel, and as a lubricant for wood bearings. The nonessential uses 
included utilization of sheet mica in phonograph mee and ground mica 
as a decoration, a lubricant for metal bearings, filler in rubber,.:and various 
Other manufactured products. It is interesting to.note in this classification 
that scrap mica, the raw material for ground. mica, is not reported, but , 
splittings used in the manufacture of built-up mica board is reported. By — 
1938, 90 percent of the sheet and: built-up mica consumed in the United States 
was utilized by the electrical industry. The essential uses for mica, as 
reparted in “The Mica Industry,” report 130 of the United States Tariff 
Camission, in 1938 were sheet mica for use in radio condensers and airplane 
Sparkplugs, and built-up mica as canmutator segments and V-rings for motors 
and generators, and in armatures and transformers. There was little change in 
the less-essential uses between 1918 and 1938 other than a larger annual 
consumption of mica in same of these categories, particularly wet-ground mica 
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in the manufacture of paint. ‘The greatest. change in the nonessential uses 
during this period is the addition to this classification, by 1938, of the 
sheet and built-up mica utilized in receivers, transformers, and condensers 
by the telephone industry and in nem lights. Paper or bakelite capicators 
have replaced mica in the telephone industry. . | 

The essential uses in 1947 were similar to those given in 1948, with the 
exception that sheet mica for airplane sparkplugs has been deleted fran this. 
class, and the quality requirements of the mica utilized in sane of the 
remaining essential uses has been reduced. Little change has taken place in - 
the less-essential uses other than a reduction in the quantities required for 
stove fronts and lamp chimneys and shades. The number of uses for ground mica, 
however, have increased greatly. Large quantities of roofing-grade, dry-ground 
mica were consumed in the manufacture of rolled asphalt mats used in the | 
construction of airfield landing strips in the European theater of operations, 
and in the mamfacture of pipeline enamel used in the insulation of the large 
gas and oil pipelines constructed from central and southwestern United States 
to the eastern seaboard. Clear, white, low-iron muscovite ground mica is 
utilized in the manufacture of glass-bonded insulation for use in the 
manufacture of radio sets. The use of wet-ground mica by the paint industry 
also has increased greatly. It has been reported that if 200,000 to 300,000 
shorts tons of wet-ground mica were available annually to paint manufacturers, 
the durability of paint for the outside of houses and industrial Plea 
would be inoreased greatly. 


Mica is no lqmger suitable for sparkplugs in High-spesd: internal- 
canbustion engines, because the temperatures of 1,000°9 F, and above attained 
by these motors cause the mica to decanpose, It Loses its chemically canbined 
water of crystallization, which destroys its normal insulating and. dielectric 
qualities. Much of the gasoline now used as fuel cmtains tetraethyl lead, 
which upon combustion forms lead campounds that react with mica to form a. 
Low-melting-point lead-silicate glass. This glass is a good conductor of 
electricity when hot, which causes missfiring of sparkplug in engines operating 
at high temperatures. Mica plug are now uscd primarily in industriel engines 
and in small, air-cooled, private airplanes, which use ete ee Little 
or no Leads ) 


\. 
‘ 


SALIENT STATISTIG..0 OF THE MICA INDUSTRY 


The following tables canmprise the more important statistical data 
relating to the mica industry. Most of them show figures up to 1947 omly. 
Production in 1948 and 1949 was mch smaller than during the war years, and. 
he data are less camplete. Accordingly, figures for these years have been 
Qnitted from same of the tables, but they may be found in part in the chapters 
on :-mica in the Minerals Yearbooks for ae and 1949. | 
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TABLE 2. - Total sheet and military~-grade sheet mica produced 
in the United States 1880-1947, pounds 


T'g Military-grade2 
Year ___{| sheet and punched sheet 

1880-1919 coccvvsccvces 25,615,785 2,853,774 
WG20scntaecaceeee'! 17005;400 | 202,018 
LGelecccescccccce | TH, B45 & ,021 
LGC eecccccccevcs 1,077,968 129 , 356 
LIOAcccvcccccccers \ 2,003,179 247 ,581 
LOOM ou cece wee cess | 1,460, 87 | 175,308 
LGD ecccccvcccces | 1,793, ay 215,264 
1920 66-00 ewweeeeee 2,172,159 | 260 ,659 
19ST ovccccecccecs | 1,512,492 1&1 ,499 
LO OG vi vesesresees 1,681,777 201 ,&13 
l9Deccccreccveecs 2,055,128 ehh 215 
LD Devcccecvcvece | 1,465,485 | 175,858 
1Osl uonsasesuccns | 962,953 | 115,554 
1G Fe vo cccveccvece | 558,997 4O , 680 
GAZ ccccsccccccce | 464, 540 45,745 
TOS vesssuseceees 585529 | 70,025 
LGA cccvvccsevoce | 946,633 | 112 , 396 
LPFG eccccesccecee | 1,319,233 ! 158,310 
193] eccccvccesccs ! 1,694,538 | 203,545 
1958 cicsasaseonee-” 939,507 112,741 
19D cccccccvccese | &1.3,708 | 97,645 
19 Covceesecegeon |} 1,625,437 195 ,05e 
IO acivcwecwsesees | 666,453 | 319,974 
VON? cstee ew seees 2,761, 4 587 ,006 
DUD oe ccccccevoee | 3,448,199 731,627 
TON bcetie ek eeleee 1,523,313 622 , 394 
pe eee rere i . 1,298, 587 105,180 
LONG. seeseweeewes 1,078, 867 129,464 
LON] wenvecvcecces | 415,589 Ag 870 
Total D 942 8,651,471 


1/ Figures obtained from Minerals Yearbook of the Bureau of Mines. 

2/ Defined as 12 percent of total sheet and punch as estimated by a 
Department of Interior Canmittee in a study of danestic roserves 
in 1944, 
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